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Organometallic Chemistry 
Synthesis of clusters 

Fe2(CO)6(u-XCHECH=CH2)(g3-X)Fe(CO)2CP (X = Se, S; Cla = q5-CsH 5) 
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The clusters Fe?(CO)6(g-XCH2CH=CH2)(~t3-X)Fe(CO)2Cp (X = S, Se) were prepared 
by the successive treatment of the bi- and trimetallic complexes Fe2(CO)6(u-Se2) and 
Fe3(CO)gQa3-X) with allylmagnesium chloride and CpFe(CO)2t. The clusters obtained 
contain a noncoordinated C=C bond. The structure of the Se-containing cluster was 
suggested on the basis of comparison of its spectral data (IR, tH NMR, and M6ssbauer 
spectra) with the spectra of the analogous S-containing complex, which was previously 
characterized by X-ray diffraction analysis. 
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Interest in cluster compounds of transition metals 
containing ligands with free olefin substituents is caused 
by the possibility of their copolymerization with tradi- 
tional organic monomers. 1 This method for preparing 
metal-immobilized polymeric materials has been previ- 
ously used for a series of Os3(CO)x2 derivatives z ob- 
tained by the coordination of unsaturated ligands on 
clusters containing the Os3-metallocycle. 3 Recently, we 
have suggested another approach to preparing "cluster 
monomers" (Scheme I). 4 

In this case, along with the addition of an unsatur- 
ated radical to the coordinated ligand, the skeleton of a 
new cluster is formed during the synthesis, which makes 
it possible to vary. the composition and structure of the 
obtained compounds more extensively. In terms of this 
approach, one may plan the development of "homolo- 
gous" series of clusters. For this purpose, complexes 
containing not only S, but Se and Te as well, and at the 
second stage of the synthesis, electrophilic complexes of 
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other transition metals, can be used as the starting 
reagents. 

The present work is devoted to applying this syn- 
thetic approach to Se-containing iron carbonyl deriva- 
tives. 
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Results and Discussion 

The complex Fea(CO)6(g-S2) ( la)  is one of the most 
widely used synthons for directed synthesis of  both homo- 
and heterometallic sulfur-containing carbonyl iron-based 
clusters by assembly from fragments of lower nuclearity, s,n 
Interest in this compound is due in many respects to the 
existence of the bridged S2-fragment, which manifests 
several properties typical of  oro,~nic dichalcogenides. 6 The 
reaction of l a  with allylmagnesium chloride can be an 
example. In this reaction, the S--S  bond is cleaved, and a 
complex with pronounced nucleophilic properties, which 
can replace the iodide ligand in CpFe(CO),I ,  4 is formed 
(Scheme 1). The product  of  this reaction,  cluster 
Fez(CO)6(/a3-SCH2CH=CH~(Ia3-S)Fe(CO)2C p (2a), can 
be obtained by the same scheme when the trimetallic 
cluster Fe3(CO)9(la3-S) 2 (3a) is used instead of  la .  
However, the yield of  2a is substantially lower, and the 
procedure of its isolation is more difficult. The use of 3a 
can be considered to be not promising because convenient 
methods for the one-step preparation of l a  from acces- 
sible reagents, Fe(CO) 5 and sodium polysulfide, are 
known. 7 

The chemistry of Fe2(CO)6(g-Se 2) ( lb)  is much 
more poorly studied than that of  its analog, l a ,  s and the 
most convenient method for its preparation is the reac- 
tion of F%(CO)9(Ia3-Se) 2 (3b) 9 with bases in polar 
solvents resulting in the fragmentation of 3b and the 
formation of a bimetall ic complex. Taking this into 
account, for the synthesis of  the Se-containing analog of  
2a, we used both complexes l b  and 3b as the starting 
reagents. 

The successive addition of allylmagnesium chloride 
and CpFe(CO)~I to lb  and treatment of the reaction 
mixture, as in the case of S-containing derivatives 4 (see 
Scheme 1), results, in fact, in the formation of the cluster 
Fe2(CO)6(~tj-SeCH2CH=CH2)(u3-Se)Fe(CO)2C p (2b). 

Cluster 3b can also be used as the starting reagent, 
but in this case, the formation of  2b is observed only 
when the reaction mixture is heated to 60 ~ after the 
addition of  CpFe (CO) f l  (Scheme 2). 

Scheme 2 
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Unlike in the case of S-containing analogs, the use 
of  3b for the preparation of  2b is fairly promising, 
because the total yield of  the final product calculated 
per initial Fe(CO)5 is higher than when lb  is used, since 
the stage of preparation of lb  from 3b is ruled out. 

In order to determine the structure of 2b, several of 
its spectral parameters were compared  with the corre- 
sponding data for 2a, whose structure was previously 
determined by X-ray diffraction analysis. 4 The IR  spec- 
trum of 2b in the carbonyl region almost repeats the 
spectrum of 2a. The main difference is a small shift of 
the absorption bands to lower frequencies (Table I). As 
in the case of  2a, the IH N M R  spectrum of  compound  
2b contains a singlet signal of  protons of  the cyclo- 
pentadienyl ligand and three signals more, two compli-  
cated multiplets (protons of  the - - C H  = and = C H  2 
groups) and a doublet ( - -CH 2- - ) ,  which are typical  of 
an allyl fragment that does not part icipate in the coordi-  
nation with the metal. Replacement  of  the chalcogen 
has a slight effect on the chemical  shifts of the corre- 
sponding signals (Table 1). 

The M6ssbauer spectrum of  2b, like that of  2a, is a 
superposition of  two quadrupole doublets with a ratio of 
intensities o f - 2  : 1 (Table 1, Fig. I), which agrees 
with the structure of molecule 2b presented in Scheme 2. 
The difference in the i5 values for the corresponding 
doublets in the spectra of 2b and 2a can be understood 
on the basis of  the theory of  partial  chemical  shifts: 
when sulfur is replaced with selenium, an increase in 6 
should be expected because in the series of ligands, 
sulfur-containing ligands have the min imum partial  
shift, t0 

Table 1. IR, IH NMR, and M6ssbauer (MBS) spectral data 
for clusters 2a and 2b 

Com- IR IH NMR. MBS 
pound (vCO/cm -1) (~, J/Hz) (8/ram s -1 (~))a 

2a 2062m, 3.02 (d, 2 H, --CH~--, -0.05 b 
2034v.s, J = 6.6) (0.82) 
2025s, 4.95 (s, 5 H, CsH 5) 0.09 
1995m, (1.62) c 
1990s, 5.04 (m, 2 H, CH2 =) 
1977s, 
1970m, 5.93 (m, l H, --CH=) 
1959w 

2b 2059m, 3.16 (d, 2 H, --CH2--, -0.03 
2039w, o r = 6.6) (0.86) b 
2030v.s, 4.96 (s, 5 H, CsH 5) 0.12 
2024s, (1.73) e 
1994m, 5.05 (m, 2 H, CH2 =) 
1988s, 
t976s, 5.99 (m, t H,- -CH=) 
1968m, 
1956w 

a Measurement errors 8(~) are equal to 0.01 m m s  -1 (0.02). 
b Doublet of greater intensity belongs to 2 Fe. 
c Doublet of smaller intensity belongs to 1 Fe. 
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Fig. 1. M6ssbauer spectra of clusters 2a and 2b. 

These  spect ra l  da ta  al low us to conc lude  tha t  the  
s t ruc ture  o f  the  o b t a i n e d  c o m p o u n d  2b is s imi la r  to tha t  
of  2a. 

Theore t i ca l ly ,  complexes  s imi la r  to 2a  a n d  2b  can  be 
t r ans fo rmed  into clusters  wi th  a closed me ta l locyc le  
when  one  or  several  l igands are r emoved  f rom the i r  
molecule .  In the  case o f  ca rbony l  derivatives,  t h e r m a l  or  
p h o t o c h e m i c a l  t r e a t m e n t  o f  c o m p o u n d s  is usual ly  used 
for this purpose .  5 Based  on  t h e r m o g r a v i m e t r i c  analysis ,  
it was es tab l i shed  t ha t  b o t h  c o m p o u n d s  m e l t  w i t hou t  
decompos i t i on .  Mass  losses o f  52.5 and  58% o c c u r  in 
the 100- -154  ~ (2a)  and  120- -162  ~ (2b) ranges ,  
respectively,  w h i c h  suggests t h a t  the  c lus ter  d e c o m p o s e s  
comple te ly  w i t h o u t  f o r m a t i o n  o f  i n t e r m e d i a t e  produc ts .  
An  a t t emp t  to pe r fo r m  the rmolys i s  no t  in the  solid 
phase,  bu t  in so lu t ion ,  also did no t  result  in  the  f o r m a -  
t ion  of  new c lus te r  products .  P ro longed  hea t i ng  o f  solu-  
t ions o f  bo th  2a  and  2b in cyc lohexane  resul ts  in the  
fo rmat ion  o f  an  a m o r p h o u s  prec ip i ta te ,  whose  I R  spec-  
t r um con t a in s  no  signals  in the  carbonyl  region.  The  
solut ions  c o n t a i n  on ly  one  c o m p o n e n t :  the  in i t ia l  c o m -  
pound.  The  e l ec t ron ic  abso rp t ion  spectra  o f  2 a  and  2b 
conta in  absorp t ion  bands  wi th  max ima  at ~. 530 and  
536 run, respect ively.  There fo re ,  for  the  p h o t o c h e m i c a l  
in i t ia t ion  o f  c los ing o f  the  meta l locyc le ,  so lu t ions  o f  
these c o m p o u n d s  in cyc lohexane  were i r rad ia ted  by a 
mercury  l amp  in a Pyrex flask used as the  l ight  triter. 
The  result  was the  same as in the  case of  t he  t h e r m a l  
t r ea tmen t .  I t  may  be t ha t  the  failures to  close the  
meta l tocyc le  are reasonable  and  are re la ted to  specif ic  

features  o f  the  geomet ry  o f  the  molecu les  o f  these  
c o m p o u n d s .  For  example ,  it was es tab l i shed  for 2a  tha t  
the ~ t - S - - C H 2 C H = C H ~  " a n d  - - F e ( C O ) 2 C  p g roups  are 
located  on  one  side o f  the  p lane  o f  Fe2(~t3-S). 4 This  
apparen t ly  impedes  the  c o n v e r g e n c e  o f  the  i ron a toms  to 
a d is tance  suff ic ient  for the  f o r m a t i o n  of  a bond .  

E x p e r i m e n t a l  

IR spectra of solutions in hexane were recorded on a 
Specord IR-75 spectrometer. I H NMR spectra were recorded 
on a Bruker SXP-4-100 spectrometer (90 MHz) in CDCI 3 
relative to tetramethylsilane. M6ssbauer spectra were recorded 
on an NP-610 spectrometer (57Co in Pd as the source; stan- 
dard a-Fe; -20 ~ Electronic absorption spectra of solutions 
were recorded on a Specord M40 spectrophotometer. Thermo- 
gravimetric analysis was carried out on a Paulik--Paulik-- 
Erdey derivatograph in an atmosphere of helium with a heating 
rate of 5 deg/min. Solvents were purified by distillation over 
the corresponding drying agents. 11 The starting compounds 
Fe3(CO)9(p.3-S)2, 7 Fe.,(CO)6(g-S2). 7 Fe3(CO)9(g3-Se)_~, 9'tz 
Fe2(CO)s(p--Se2), 9'tz CpFe(CO)2I ,  13 and C H 2 = C H - -  
CH2MgC113 were obtained by known procedures. All proce- 
dures were carried out in Schlenk glassware in an argon 
atmosphere (except for chromatography, which was carried out 
in air). 

S y n t h e s i s  of  Fe2(CO)6(lt-  S C H 2 C H = C H 2 )  (D3-S)--  
Fe(CO)2CP (2a) from Fe3(CO)9(g3-S)2 (3a). Solutions of 
CH2=CHCH2MgCI  (1.02 mmol)  in T H F  ( t0  mL) and 
CpFe(CO)21 (0.277 g, 0.92 retool) in THF (10 mL) were 
successively added to a solution of 3a (0.442 g, 0.92 retool) in 
THF (50 mL) at -78  ~ After slow heating to -20 ~ the 
mixture was stirred for 1 h more. The precipitate that formed 
was filtered off, and the solvent was evaporated in vacuo to 
dryness. The solid residue was extracted with toluene (40 mL) 
at 80 ~ The extract was chromatographed on a column with 
silica gel using a hexane--benzene (1 : 1) mixture as the 
eluent. Unreacted 3a (0.242 g) and 2a (0.025 g, 11% with 
respect to reacted 3a), which was identified by the IR spec- 
trum, 4 were isolated. 

S y n t h e s i s  o f  Fez (CO)6(g -SeCHzCH=CHz) ( / z3 -Se )  - 
Fe(CO)2C p (2b). A. From Fe2(CO)6($.-Se2) ( lb) .  Solutions of 
CH2=CHCH2MgCI  (l .01 mmol)  in T H F  (10 mL) and 
CpFe(CO)2I (0.320 g, 1.04 mmol) in THF (10 mL) were 
successively added to a solution of lb  (0.456 g, 1.04 mmol) in 
THF (40 mL) at - 78  ~ After slow heating to -20 ~ in a 
Dewar flask, the mixture was stirred for 30 min more. The 
white precipitate of magnesium halide that  formed was •tered 
off, and the brownish-red solution was evaporated in vaeuo to 
dryness. The solid residue was extracted with hot hexane. After 
cooling of the extract to - I 0  ~ the crystalline product 
with m.p. 84--85 ~ was obtained in a yield of 0.170 g (25%). 

g.  From Fe3(CO)9(I~3-Se)  z (3b) .  Solut ions of  
CH2=CHCH2MgC1 (0.7 retool) in T H F  (10 mL) and 
CpFe(CO)2I (0.277 g, 1.38 mmot) in THF (10 mL) were 
successively added to a solution of 3b (0.400 g, 0.69 mmol) in 
THF (40 mL) at - 78  ~ After slow heating to -20 ~ and 
stirring for 1 h, the mLxture was kept at 60 ~ for 15 rain. The 
precipitate was filtered off, and the solution was evaporated 
in vaeuo to dryness. The solid residue was chromatographed 
on a column with silica gel using a hexane--benzene (1 : I) 
mixture as the eluent. Unreacted 3b (0.076 g) and 2b (0.075 g, 
20% with respect to reacted 3b) were isolated. 
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